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WRWKHSRLQWSULRUWRWKHIOLS&RQYHUVHO\DQRWKHUSUREOHPLVWKDWPDNLQJVPDOOPRYHVLHWRQHDUE\YHUWLFHV
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WKRXJK	IROORZHDFKRWKHU WKHLU+DPPLQJ
GLVWDQFH LV   )RU WKH VHDUFK DOJRULWKP WR PRYH IURP RQH YDOXH WR WKH QH[W WKH QXPEHU RI PRGLILFDWLRQV
UHTXLUHG WR WKH ELWVWULQJ LV ODUJH 7KHVH µ+DPPLQJ FOLIIV¶ DUH FRPPRQO\ DGGUHVVHG WKURXJK HQFRGLQJ WKH
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LQRWKHUVDJUDSKZLOOQHHGWREHLQIHUUHG([DPSOHVRIERWK
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2YHUVXFFHVVLYHLWHUDWLRQVHDFKYHUWH[¶VODEHOZLOO µUHDFK¶DOORI WKHQRGHVLQWKHJUDSK 7RHQVXUHWKDWD
YHUWH[¶VLQIOXHQFHLVPRUHSURQRXQFHGXSRQFORVHQHLJKERUVWKHHGJHZHLJKWVDUHVFDOHGWRDSRVLWLYHZHLJKW
7KLVVHUYHVDVDQH[SRQHQWLDOGHFD\RYHUFRQQHFWLRQKRSVIRUWKHLQIOXHQFHRIDYHUWH[RQLWVQHLJKERUVLQ
DOO WKH H[SHULPHQWV WKH PD[ ZHLJKW ZDV VHW WR   7KLV DOJRULWKP LV D YDULDQW RI WKH $GVRUSWLRQ ODEHO
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LWVQHLJKERUVLQWKHIRUPDVLQJOHYHFWRUVSHFLI\LQJWKHGLVWULEXWLRQRI¶VDQG¶VLQHDFKELWSRVLWLRQIRULWVHOI
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HDFK QRGH DQG WKH QHZ QRGH¶V ODEHO 2QFH WKH QHZ ODEHOV DUH FKRVHQ WKH IXOO DOJRULWKP LV UHSHDWHG  7KLV
FRQWLQXHVIRUDVHWQXPEHURILWHUDWLRQVRUXQWLOWKHODEHOVQRORQJHUFKDQJHLQWKLVUHDVVLJQPHQWVWHS
$GVRUSWLRQ ZDV RULJLQDOO\ GHVLJQHG IRU FODVVLILFDWLRQ WDVNV WKDW PD\ KDYH VSDUVH GDWD EXW LQ ZKLFK DQ
XQGHUO\LQJ ³UHODWHGQHVV´ JUDSK H[LVWV >@>@  $GVRUSWLRQ DQG WKLV YDULDQW OHQG WKHPVHOYHV WR VLPSOH
LWHUDWLYHFRPSXWDWLRQVLPLODUWR3DJH5DQN>@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SURSDJDWLRQDQGDFFXPXODWLRQFDQEHUHSHDWHGZLWKRXW LQYRNLQJ ODEHO UHDVVLJQPHQWXQWLOHLWKHU D WKHJUDSK
FRQYHUJHVRUEDVHWQXPEHURILWHUDWLRQVLVUHDFKHG7KLVGUDPDWLFDOO\UHGXFHVWKHFRPSXWDWLRQDOH[SHQVH
$YDULHW\RIPDWFKLQJSURFHGXUHVFDQEHXVHGIRUWKHUHDVVLJQPHQWVWHS7KHJUHHG\PHWKRGZKLFKGRHVQRW
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1ORJ16LPSO\VRUWWKH1GLVWDQFHVEHWZHHQHYLGHQFHQDQGODEHOP
DQGDVVLJQWKHQH[WSDLUWKDWKDVDQDYDLODEOHODEHODQGDQXQDVVLJQHGQRGHLQWKHRUGHUGHWHUPLQHGE\WKHVRUW
7KLVVLPSOHJUHHG\PHWKRGGRHVQRWJXDUDQWHHDQRSWLPDODVVLJQPHQW $SURFHGXUHSRSXODUL]HG LQ
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VFRSHRIWKLVSDSHUWRSURYLGHGHWDLOVVHH>@>@WKHDOJRULWKPFDQEHLPSOHPHQWHGLQ21
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:HGHPRQVWUDWHWKHGLIIHUHQFHVLQWKHHQGDVVLJQPHQWVZLWKWKHJUHHG\YV+XQJDULDQPHWKRGE\ ODEHOLQJ
WZRJUDSKV)LJVKRZVWKHUHVXOWVIRUUDQGRPO\LQLWLDOL]HGUXQVIRU$DQRGH³OLQHJUDSK´ZKHUH
WKH QRGHV DUH DUUDQJHG LQ D OLQH DQG HDFK QRGH LV FRQQHFWHG WR HDFK RI LWV WZR QHLJKERUV % D VSDUVHO\
FRQQHFWHG UDQGRP JUDSK RI  QRGHV 7KH UHVXOWV VKRZQ DUH WKH VXPPHG +DPPLQJ GLVWDQFH EHWZHHQ
FRQQHFWHGQRGHV  )RU UHIHUHQFH D UDQGRP ODEHOLQJRIJUDSK$FRQQHFWLRQVKDG D VXPPHG+DPPLQJ
GLVWDQFHRIFORVHWRH[SHFWHGDUDQGRPO\ODEHOHGJUDSK%FRQQVa

)LJ'LVWULEXWLRQRIUHVXOWVXVLQJ
*UHHG\YV+XQJDULDQ
0DWFKLQJ7RS$1RGH
*UDSKFRQQHFWHGDVDOLQH
%RWWRP5RZDQRGH
VSDUVHO\FRQQHFWHGJUDSK

'LVWULEXWLRQVFORVHUWRWKHOHIW
LQGLFDWHEHWWHUSHUIRUPDQFH
ORZHUVXPPHG+DPPLQJ
GLVWDQFH

[D[LVLVWKHVDPHDFURVVDOO
JUDSKVLQDURZ
 *UHHG\0DWFKLQJ +XQJDULDQ0DWFKLQJ +XQJDULDQ	
0XOWL1RGH'LVWDQFH
1RGH
/LQH*UDSK
FRQQV
DYJ  DYJ  DYJ 
1RGH
5DQGRP
*UDSK
FRQQV
DYJ  DYJ  DYJ 

)URP)LJ ILUVW LW LVDSSDUHQW WKDW WKHUH LVQRJXDUDQWHHRIRSWLPDODVVLJQPHQWV ZKHUHFRQQHFWHGQRGHV
KDYHD+DPPLQJGLVWDQFHRIHYHQLIDQRSWLPDODVVLJQPHQWH[LVWV 6HFRQGWKHOLQHJUDSKZDVFKRVHQIRU
H[SHULPHQWDWLRQ EHFDXVH XVLQJ D VWDQGDUG *UD\FRGH WR ODEHO VHTXHQWLDO QRGHV ZRXOG \LHOG DQ RSWLPDO
DVVLJQPHQW   +DG D*UD\FRGHEHHQ IRXQG WKH VXPPHG+DPPLQJGLVWDQFHZRXOGEH  1RWH WKDW WKH
DYHUDJHVXPPHG+DPPLQJGLVWDQFHIRXQGZDVQRWRSWLPDOIRU WKH+XQJDULDQ0DWFKLQJ±EXW IDUEHWWHU
WKDQ UDQGRP   7KLUG WKHUH LV D VLJQLILFDQW GLIIHUHQFH S EHWZHHQ WKH JUHHG\ DQG+XQJDULDQ
0DWFKLQJEDVHG DSSURDFKHV IRU WKH OLQHJUDSK 7KRXJK WKH DYHUDJH+DPPLQJGLVWDQFHXVLQJ+XQJDULDQYV
*UHHG\LVDOVRORZHUIRUWKHUDQGRPO\FRQQHFWHGJUDSKWKHGLIIHUHQFHLVQRWVLJQLILFDQW
$ VHFRQGKHXULVWLF LV WRPRGLI\ WKHGLVWDQFHFDOFXODWLRQPHDVXUHPHQWHPSOR\HG LQ WKH UHDVVLJQPHQW VWHS
5HFDOOWKDWWKHGLVWDQFHWREHPLQLPL]HGLVWKHVXPPHGGLVWDQFHDFURVVDOOQRGHV1EHWZHHQ(YLGHQFHQDQGDOO
ELQDU\ODEHOVRIVL]H7$VLPSOHKHXULVWLFWRSURPRWHVPRRWKQHVVDFURVVFRQQHFWLQJYHUWLFHVLVWRZHLJKWWKH
(YLGHQFH DW HDFK QRGH ZLWK WKH(YLGHQFH IURP DOO WKH QHLJKERULQJ FRQQHFWLRQV QRWH WKDW WKLV GLIIHUV IURP
VLPSO\DSURSDJDWLRQ VWHS LQ WKDW WKHQRGH¶VDVVLJQHG ODEHOGRHVQRW FRQWULEXWHGLUHFWO\ LQ WKLV VWHSRQO\ WKH
(YLGHQFH DFFXPXODWHGDW WKHQRGHDQG LWVQHLJKERUV +HUH(YLGHQFHQ  LVEDVHGRQO\RQ(YLGHQFHQHLJKERUVRIQ
7KLV \LHOGV GUDPDWLF LPSURYHPHQWV LQ WKH UHVXOW RI WKH ODEHOLQJ SURFHGXUH DV VKRZQ LQ )LJ  ULJKW  7KH
GLIIHUHQFHV LQ SHUIRUPDQFH ZKHQ HPSOR\LQJ QHLJKERUGLVWDQFHV FRPSDUHG WR QRW HPSOR\LQJ WKHP LV
VLJQLILFDQWO\EHWWHUS$OOIXUWKHUH[SHULPHQWVZLOOXVHWKLVGLVWDQFHFDOFXODWLRQ
([SHULPHQWDO5HVXOWV±+LOOFOLPELQJ
7R WKLV SRLQW ZH KDYH SUHVHQWHG PHWKRGV WR UHGXFH WKH VXPPHG+DPPLQJ GLVWDQFH EHWZHHQ FRQQHFWHG
QRGHVLQDJUDSK,QWKLVVHFWLRQZHH[DPLQHWKHLUXVHLQVWRFKDVWLFKLOOFOLPELQJ+LOOFOLPELQJ+&LVRQHRI
WKH VLPSOHVW VWRFKDVWLF VHDUFK WHFKQLTXHV VHH )LJ   $OWKRXJK VLPSOH PDQ\ SUREOHPV WDFNOHG ZLWK PRUH
FRPSOH[ VHDUFK DOJRULWKPV DUH HTXDOO\ZHOO WDFNOHGZLWK WKLV DSSURDFK >@ 7KH+&XVHG KHUHZRUNV RQ D
ELQDU\DOSKDEHWDQGWKHRSHUDWRULVDVLQJOHUDQGRPO\FKRVHQELWIOLS,WLVDJUHHG\QH[WDVFHQWDOJRULWKPDV
VRRQ DV DQ LPSURYHPHQW LV IRXQG WKURXJK UDQGRP SHUWXUEDWLRQ WKH QHZ VROXWLRQ LV DFFHSWHG   :KHQ D
960   Shumeet Baluja and Michele Covell /  Procedia Computer Science  18 ( 2013 )  956 – 965 
SHUWXUEDWLRQOHDGVWRDVROXWLRQWKDWKDVDQHTXDOHYDOXDWLRQWRWKHFXUUHQWEHVWLWLVDOVRDFFHSWHGWKLVDOORZV
WKHDOJRULWKPWRH[SORUHSODWHDXVUHJLRQVRIHTXDOYDOXHLQWKHHYDOXDWLRQVSDFH
7KHPDSSLQJVIURPELWVWULQJ WRYHUWLFHV LH WKH ODEHOV IRXQGE\ WKHDOJRULWKPVGHVFULEHG LQ WKHSUHYLRXV
VHFWLRQ LV UHSUHVHQWHG E\ WKH PDSSLQJ 0  7KH VHDUFK DOJRULWKP +& VWD\V WKH VDPH UHJDUGOHVV RI WKH
HQFRGLQJXVHG2QO\WKHHYDOXDWLRQIXQFWLRQLQWHUSUHWVWKHELQDU\VROXWLRQVWULQJWRPDSWKHELQDU\VWULQJWR
YHUWLFHVZKLFKDUHWKHQHYDOXDWHGIRUKRZZHOOWKH\PHHWWKHSUREOHPVSHFLILFREMHFWLYHIXQFWLRQ
$QLPSRUWDQWDVSHFWRIWKLVDOJRULWKPLVWUDFNLQJZKHQSURJUHVVKDVVWRSSHG7KHYDULDEOH=VSHFLILHVWKH
QXPEHURISHUWXUEDWLRQVDOORZHGZLWKRXWILQGLQJDQLPSURYHPHQWLQWKHHYDOXDWLRQ,IWKLVQXPEHULVH[FHHGHG
LWLVDVVXPHGWKDWWKHDOJRULWKPKDVUHDFKHGDORFDOJOREDORSWLPDDQGWKHDOJRULWKPLVWHUPLQDWHG
7KH,QWHUSOD\RI(QFRGLQJDQG6HDUFK
%HIRUHQDLYHO\XVLQJWKHYHUWH[HQFRGLQJVGHULYHGLQWKHSUHYLRXVVHFWLRQLWLVLPSRUWDQWWRXQGHUVWDQGWKH
LQWHUSOD\EHWZHHQ+&DQGWKHHQFRGLQJVXVHG5HFDOOWKDWWKH+&DOJRULWKPXVHVVLQJOHELWIOLSVWRH[SORUHWKH
VHDUFK VSDFH :LWKD UDQGRPELQDU\HQFRGLQJ IRU WKHYHUWLFHV )LJPLGGOH DELW IOLSKDV WKHSRWHQWLDO WR
UDGLFDOO\FKDQJHWKHVHOHFWHGYHUWH[+RZHYHUXVLQJWKHUHGXFHG+DPPLQJHQFRGLQJVDELWIOLSKDVDKLJKHU
SUREDELOLW\RIRQO\PDNLQJDVPDOOFKDQJHLQWHUPVRIPRYHVDORQJHGJHVLQWKHJUDSK)RUH[SORUDWLRQWKLV
KDVEHQHILWVDQGGUDZEDFNV,QWKHHDUO\VWDJHVRIVHDUFKZKHQZLGHH[SORUDWLRQLVFUXFLDOLWLVSRVVLEOHWKDW
XVLQJDUHGXFHG+DPPLQJHQFRGLQJWKDWFRQVWUDLQVPRYHPHQWLQWKHJUDSKPD\HIIHFWLYHO\OLPLWWKHH[SORUDWLRQ
RI+& 7KLVOHDGVWRDUHYLVLRQRIWKH+&DOJRULWKPGHVFULEHGDERYH:HSHUIRUP+&LQWZRVWDJHV,QWKH
ILUVWVWDJHWHUPHG+&5DQGRPZHXVHDUDQGRPPDSSLQJIURPELWVWULQJVWRYHUWLFHV:KHQDORFDORSWLPD
LVUHDFKHGLH=PRYHVDUHPDGHZLWKRXWLPSURYHPHQWZHGHFRGHWKHELQDU\VROXWLRQVWULQJWRWKHQRGHVLW
UHSUHVHQWVDQGWKHQUHHQFRGHWKRVHQRGHVZLWKWKHUHGXFHG+DPPLQJHQFRGLQJDQGUHVWDUW WKHRSWLPL]DWLRQ
SURFHGXUH+& +XQJDULDQ  8QOLNH WKH UDQGRP LQLWLDOL]DWLRQ RI+&5DQGRP+&+XQJDULDQ LV LQLWLDOL]HG
ZLWKWKHEHVWVROXWLRQIURP+&5DQGRP7KLVDOORZVWKHUDSLGH[SORUDWLRQDIIRUGHGE\DUDQGRPHQFRGLQJRI
YHUWLFHVIROORZHGE\WKHIRFXVHGH[SORUDWLRQDIIRUGHGWKURXJKWKHXVHRIUHGXFHG+DPPLQJODEHOV
:HZRXOGEHUHPLVVLQQRWSRLQWLQJRXWDQDOWHUQDWLYHWRWKH+&DOJRULWKPSUHVHQWHGDERYH,QWKLVVWXG\
WKH+&DOJRULWKPRSHUDWHVRQELQDU\VWULQJV +RZHYHURQHFDQHDVLO\FRQVWUXFWYDULDQWVRI+&WKDWRSHUDWH
GLUHFWO\RQJUDSKVLHPDNHPRYHVGLUHFWO\ LQJUDSKVSDFH  1XPHURXVVWXGLHV VHHUHIHUHQFHVKDYHEHHQ
FRQGXFWHGH[DPLQLQJWKHHIILFDF\RIELQDU\HQFRGLQJVSDUWLFXODUO\LQWKHFRQWH[WRI*$VZHZLOOQRWHQWHUWKDW
GHEDWHKHUH5DWKHULIWKHSUREOHPWREHDGGUHVVHGLVRIWKHVHOHFWSRI1SRLQWVYDULHW\RXUJRDOLVWRLPSURYH
WKHSHUIRUPDQFHRIDQ\DOJRULWKPWKDWHPSOR\VDELQDU\HQFRGLQJWKURXJKZKLFKWRH[SORUHWKHVHDUFKVSDFH
:HGHPRQVWUDWHWKHHIILFDF\RIWKLVFRQFUHWHO\LQWKHSUREOHPRIILQGLQJWKH/RQJ6KRUWHVW3DWKV*LYHQD
VSDUVHO\ FRQQHFWHG JUDSK RI 1 YHUWLFHV WKH JRDO LV WR VHOHFW . SRLQWV WKDW KDYH WKH ORQJHVW VKRUWHVW SDWKV
,QLWLDOL]H
*HQHUDWH%LQDU\&DQGLGDWH6ROXWLRQ&
(YDOXDWH&8VLQJ3RLQW0DSSLQJ0Î9
0RYHV:LWKRXW,PSURYHPHQW 

5HSHDW
)OLSDVLQJOHUDQGRPO\FKRVHQELWLQ&Î&¶
(YDOXDWH&¶XVLQJELWVWULQJWRSRLQW0DSSLQJ0Î9¶
,I9¶9
8QGRSHUWXUEDWLRQ
0RYHV:LWKRXW,PSURYHPHQW
(OVHLI9¶  9
0RYHV:LWKRXW,PSURYHPHQW
(OVH
& &¶9 9¶0RYHV:LWKRXW,PSURYHPHQW 

7HVW(QG&RQGLWLRQ0HW
,I0RYHV:LWKRXW,PSURYHPHQW  =
%UHDN/RRS±5HWXUQ&94XLW
)LJ1H[W$VFHQW6LQJOH
3HUWXUEDWLRQ
+LOOFOLPELQJ+&IRU
0D[LPL]DWLRQ3UREOHPV
HQFRGHGZLWKDELQDU\
DOSKDEHW=WKH
PD[LPXPQXPEHURI
SHUWXUEDWLRQVWHVWHG
ZLWKRXWDQLPSURYHPHQW
LVVHWWR



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EHWZHHQWKHSRLQWVLQ.:HZRXOGOLNHWRPD[LPL]HWKHVXPRI..GLVWDQFHV)RUWKHH[SHULPHQWVJUDSKV
DUH UDQGRPO\ JHQHUDWHG ZLWK 1  QRGHV ZLWK YDU\LQJ OHYHOV RI FRQQHFWLYLW\ ZLWK WKH WDVN RI VHOHFWLQJ
.  QRGHV ZLWK WKH IXUWKHVW GLVWDQFH IURP HDFK RWKHU  7KH VROXWLRQ VWULQJ LV UHSUHVHQWHG ZLWK  ELWV
HDFKFRQWLJXRXVVXEVWULQJRIELWVUHSUHVHQWVDVHOHFWHGYHUWH[:HFRPSDUHVHDUFKYDULDQWV

 +&5*UHHG\5XQ+&ZLWKDUDQGRPPDSSLQJRIELWVWULQJVWRYHUWLFHV57KHEHVWUHVXOWIURPWKLVLVXVHG
WRLQLWLDOL]HVWDJHZKHUH+&LVUXQZLWKWKHPDSSLQJRIELWVWULQJVWRYHUWLFHVIRXQGE\WKH*UHHG\DSSURDFK
 +&5+XQJ6LPLODUWRDERYHH[FHSWLQVWDJHWKHPDSSLQJIRXQGE\WKH+XQJDULDQDSSURDFKLVXVHG
 +& 55 6LPLODU WR DERYH H[FHSW WKDW LQ WKH VHFRQG VWDJH D VHFRQG UDQGRP HQFRGLQJ LV XVHG  7KLV WHVWV
ZKHWKHUWKHLQWHOOLJHQWPDSSLQJLVLPSRUWDQWRUZKHWKHUDQ\QHZPDSSLQJFDQEHHPSOR\HG
 +&55%DVHOLQH6LPSO\UXQWKHVHFRQG+&ZLWKWKHVDPHUDQGRPHQFRGLQJDVWKHILUVWUXQ7KLVGHWHUPLQHV
ZKHWKHUMXVWWKHH[WUDLWHUDWLRQVZHUHHQRXJKWR\LHOGLPSURYHGUHVXOWVRUZKHWKHUWKHQHZHQFRGLQJZDVQHHGHG
 +&+XQJ+XQJ+XQJDULDQPDSSLQJIRUERWK6WDJHDQG6WDJH'RHVWKH+XQJDULDQPDSSLQJZRUNZHOOLQWKH
HDUO\VWDJHVRIVHDUFKRUMXVWIRUORFDORSWLPL]DWLRQRQFHDUHJLRQRIKLJKSHUIRUPDQFHLVDOUHDG\IRXQG"

7KURXJKRXW WKLVVHFWLRQD ODUJHQXPEHURIHPSLULFDO UHVXOWVZLOOEHSUHVHQWHG %HFDXVH WKHSUREOHPVDUH
UDQGRPO\ JHQHUDWHG JLYLQJ WKH ILQDO UDZ HYDOXDWLRQ QXPEHUV \LHOGV OLWWOH LQVLJKW  ,QVWHDG ZH SUHVHQW
FRPSDUDWLYHUHVXOWV  )RUHDFKFRPSDULVRQZHJLYH WKHQXPEHURI WLPHVDOJRULWKP$SHUIRUPHGEHWWHU WKDQ
DOJRULWKP % YLFHYHUVD DQG ZKHWKHU WKH DYHUDJH SHUIRUPDQFH LQ WHUPV RI EHVW HYDOXDWLRQ IRXQG ZHUH
VWDWLVWLFDOO\GLIIHUHQWIURPHDFKRWKHU!FRQILGHQFHXVLQJDSDLUHGWZRWDLOWWHVW
,Q 7DEOH  ZH EHJLQ ZLWK H[DPLQLQJ WKH TXHVWLRQ  LV XVLQJ D UHGXFHG+DPPLQJ GLVWDQFH HQFRGLQJ
EHQHILFLDO LQ WKH HDUO\ VWDJHVRI VHDUFK"  ,Q WKH ILUVW UHVXOW URZZH VHH WKDWZKHQ FRPSDUHG WRRQO\XVLQJ D
VLQJOH UDQGRP DVVLJQPHQW +& 55 XVLQJ WKH +XQJDULDQ DVVLJQPHQW IRU ERWK VWDJHV +&+XQJ+XQJ
SHUIRUPVFRPSHWLWLYHO\  +RZHYHU WKHUHVXOWVDUHTXLWHGLIIHUHQWZKHQ6WDJHXVHGDUDQGRPHQFRGLQJDQG
WKHQHLJKERUKRRGSUHVHUYLQJHQFRGLQJVZHUHXVHGRQO\LQ6WDJH+&5+XQJ	+&5*UHHG\7KRXJK
ERWK XVH UDQGRP HQFRGLQJV IRU WKH LQLWLDO SKDVHV RI VHDUFK WKH\ ERWK RXWSHUIRUPHG +&+XQJ+XQJ  $V
SRVLWHG HDUOLHU LQ WKH EHJLQQLQJ RI VHDUFK PRUH H[SORUDWLRQ RFFXUV ZLWK D UDQGRP HQFRGLQJ  :KHQ
QHLJKERUKRRGSUHVHUYLQJ ODEHOV DUH XVHG LQ 6WDJH ZKHQ ORFDO RSWLPL]DWLRQV DUH QHFHVVDU\ WKH EHQHILWV RI
QHLJKERUKRRGSUHVHUYLQJHQFRGLQJVDUHIXOO\UHDOL]HG 1RWHKRZHYHU WKDW WKHVHUHVXOWVDUHDIXQFWLRQRIWKH
VHDUFK DOJRULWKP +& DQG WKH VLQJOHELW IOLS RSHUDWRU WKDW LV HPSOR\HG  2WKHU VHDUFK DOJRULWKPV VXFK DV
JHQHWLFDOJRULWKPVPD\QRWKDYHWKLVSHUIRUPDQFHFKDUDFWHULVWLF6HFWLRQ
7DEOH /RQJVKRUWHVW3DWKV1 9HUWLFHV7HVWLQJWKHHIIHFWVRIUHGXFHG+DPPLQJGLVWDQFHPDSSLQJVLQ6WDJHRI+&VHDUFK
/HIW5DQGRP*UDSKV5LJKW&OXVWHU*UDSKV
%DVHOLQH 5$1'20*5$3+6WRWDOUXQV  &/867(5*5$3+6WRWDOUXQV
%DVHOLQHZLQV +&+XQJ+XQJZLQV 6LJQLIS  %DVHOLQHZLQV +&+XQJ+XQJZLQV 6LJQLIS
+&55   12    12
+&55   <(6    <(6
+&5*UHHG\   <(6    <(6
+&5+XQJ   <(6    <(6

:HDOVRYHULI\ WKHVH UHVXOWV LQ D VHFRQG VHWWLQJ  ,Q WKH ULJKW WDEOH ODEHOHG&OXVWHU*UDSKVZHJHQHUDWH
JUDSKV ZLWK ³FOXVWHUV´ RI FRQQHFWLRQV ± UDQGRPO\ FKRVHQ QRGHV DUH JURXSHG LQWR FOXVWHUV WKDW DUH GHQVHO\
FRQQHFWHG 2QO\ VSDUVH FRQQHFWLRQV H[LVW EHWZHHQ FOXVWHUV $OO RI WKH H[SHULPHQWV DUH UHSHDWHGZLWK WKHVH
JUDSKV7KHUHVXOWVIXUWKHUPDJQLI\WKHWUHQGVHHQHDUOLHU±XVLQJWKHQHLJKERUKRRGSUHVHUYLQJODEHOLQJRQO\LQ
6WDJHSHUIRUPVEHWWHU WKDQ XVLQJ LW LQ ERWK VWDJHVZLWK+& 7KLV WUHQGZDV DOVRQRWHG LQ DOO RI WKHRWKHU
SUREOHPV WHVWHG 7R SUHVHUYH VSDFH ZH ZLOO QR ORQJHU SUHVHQW WKLV YDULDQW LQ WKH UHVXOWV   ,QVWHDG WKH
QHLJKERUKRRGSUHVHUYLQJHQFRGLQJVZLOOEHXVHGRQO\LQ6WDJHZKHUHORFDORSWLPL]DWLRQLVWKHREMHFWLYH
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7HVW3UREOHP/RQJVKRUWHVW3DWKV
+HUHZHH[WHQGWKHH[SHULPHQWVZLWKWKHSUREOHPGHVFULEHGLQWKHSUHYLRXVVHFWLRQ7KHSUREOHPLQVWDQFHV
DUH SDUDPHWHUL]HG ZLWK  YDULDEOHV 1 WKH QXPEHU RI YHUWLFHV LQ WKH JUDSK & WKH QXPEHU RI GLUHFWHG
FRQQHFWLRQVHPDQDWLQJIURPHDFKQRGHDQG.WKHQXPEHURISRLQWVWKDWQHHGWREHVHOHFWHG)RUHDFKSUREOHP
LQVWDQFH FUHDWHG  LQGHSHQGHQW +& UXQV DUH SHUIRUPHG ZLWK D UDQGRP LQLWLDOL]DWLRQ D XQLIRUPO\ UDQGRP
FKRVHQ ELWVWULQJ   7KH+& DOJRULWKP LV UXQ XQWLO  HYDOXDWLRQV DUH HYDOXDWHGZLWKRXW LPSURYHPHQW =
SDUDPHWHU7KHEHVWVROXWLRQIRXQGLQ6WDJHLVXVHGWRLQLWLDOL]HWKH6WDJHRI+&
,QWKHQH[WWZRWDEOHVZHFRPSDUHWKHSHUIRUPDQFHVRI+&YDULDQWVDVWKHVL]HRIWKHJUDSKV1DQGDOVR
WKHQXPEHUSRLQWVWREHVHOHFWHG.DUHYDULHG(DFKFHOOLQWKHWDEOHFRQWDLQVDWULSOHW:LQV$OJRULWKP$
:LQV$OJRULWKP%DQGZKHWKHUWKHDYHUDJHHQGUHVXOW IRXQGZDVVWDWLVWLFDOO\GLIIHUHQWWRFRQILGHQFH
1RWHWKDWWLHVDUHQRWUHSRUWHGDVDZLQIRUHLWKHUDOJRULWKP&ROXPQVKRZVWKDWEHWZHHQWKHWZRVWDJHVRI
+&UHSODFLQJRQHUDQGRPPDSSLQJZLWKDQRWKHURXWSHUIRUPVNHHSLQJ WKHVDPHPDSSLQJ $QHZ UDQGRPO\
FKRVHQYHUWH[HQFRGLQJKHOSVHVFDSHORFDOPD[LPD7KLVLVQRWHZRUWK\DVWKLVUHTXLUHVQRH[WHUQDOSURFHVVLQJ
RULQWHOOLJHQWPDSSLQJDQG\HWFRQVLVWHQWO\LPSURYHGUHVXOWV6LPLODUILQGLQJVKDYHEHHQQRWHGSUHYLRXVO\>@
,Q&ROXPQZHFRPSDUH+&5*UHHG\YV+&55WKHPDSSLQJIRXQGZLWKWKH*UHHG\PDWFKLQJ
WHQGVWRRXWSHUIRUPLQODUJHJUDSKV±LQERWK7DEOHDQG7DEOH$VVHHQLQ&ROXPQWKHVDPHLVWUXHZKHQ
+&5+XQJLVFRPSDUHGZLWK6355:KHQFRPSDULQJ*UHHG\YV+XQJDULDQLQ&ROXPQQRFOHDU
WUHQGV DUH GLVFHUQLEOH  ,W LV LQWHUHVWLQJ WR QRWH WKDW LQ D IHZ WULDOV WKH *UHHG\ HQFRGLQJ VLJQLILFDQWO\
RXWSHUIRUPHGWKH+XQJDULDQHQFRGLQJPDUNHGZLWK 7KH/RQJ6KRUWHVW3DWKVLV WKHRQO\SUREOHPRXWRI
WKHWHVWHGIRUZKLFKZHZLWQHVVHGWKLV)RUFRPSOHWHQHVVZHDOVRSUHVHQW+&5+XQJYV+&55LQ
DOPRVWHYHU\WULDOH[DPLQHGLQERWKWKLVSUREOHPDQGLQRWKHUV+&5+XQJRXWSHUIRUPHG+&55
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
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.  <HV <HV <HV <HV 1R

1XPHURXV DGGLWLRQDO H[SHULPHQWV LQFUHDVLQJ WKH JUDSK¶V FRQQHFWLYLW\ ZHUH FRQGXFWHG  7KHVH UHYHDOHG
ZKHWKHU WKH ODEHOLQJ WHFKQLTXHV ZHUH HIIHFWLYH LQ KLJKO\ FRQVWUDLQHG JUDSKV LQ ZKLFK WKH QXPEHU RI
FRQQHFWLRQV OLPLWHG WKHQXPEHURI JRRGDVVLJQPHQWV :LWKERWK UDQGRPO\JUDSKVDQGJUDSKVZLWKFOXVWHUV
VHH6HFWLRQZHIRXQGLQWURGXFLQJDVHFRQGUDQGRPPDSSLQJXVXDOO\LPSURYHVSHUIRUPDQFHDQG
VLPLODUWRWKHUHVXOWVSUHVHQWHGKHUHXVLQJWKH+XQJDULDQPDSSLQJRXWSHUIRUPHGXVLQJUDQGRPPDSSLQJV
7HVW3UREOHP6KRUWHVW'LVWDQFHWR6HOHFWHG9HUWLFHV
,QWKLVSUREOHPWKHJRDOLVWRVHOHFW.YHUWLFHVIURPDQ1QRGHJUDSKVXFKWKDWWKHVXPPHGGLVWDQFHRIDOO
WKHYHUWLFHVLQ1WRDPHPEHURI.LVPLQLPL]HG,IWKHJUDSKLVSODQDUWKLVLVDJURVVO\VLPSOLILHGSUREOHPRI
FHOOSKRQHWRZHUOD\RXW/LNHWKHSUHYLRXVSUREOHPWKLVSUREOHPLVSDUDPHWHUL]HGZLWK.1DQG&
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)RUFODULW\ IRUWKHUHPDLQGHURIWKLVVHFWLRQZHHOLPLQDWH WZRFROXPQVIURPWKHUHVXOW WDEOH 7KHILUVW LV
+&55YV+&55FKDQJLQJUHSUHVHQWDWLRQVFRQVLVWHQWO\SURYLGHGEHWWHUUHVXOWVLQWKHYDVWPDMRULW\
RI WKH SUREOHPV H[SORUHG  )URP WKLV SRLQW RQ ZH RQO\ FRPSDUH RXU DOJRULWKPV ZLWK WKH EHWWHU RI WKH WZR
EDVHOLQHV+&556HFRQGZHHOLPLQDWHWKHFRPSDULVRQ+&5+XQJYV+&55+&5+XQJ
DOZD\V RXWSHUIRUPHG WKH VWDQGDUG WHFKQLTXH DQGZDV DOZD\V VLJQLILFDQWO\ S  EHWWHU  ,W LV VKRXOG EH
QRWHGWKDWWKLVLVLQLWVHOIDVLJQLILFDQWUHVXOWDQGWKHEDVLVRIWKLVSDSHU±XVLQJWKH+XQJDULDQEDVHGPDSSLQJV
IRUORFDORSWLPL]DWLRQDOZD\VRXWSHUIRUPHGVHDUFKXVLQJWKHVWDQGDUGUDQGRPHQFRGLQJV
7KHUHVXOW WUHQGVDUHHYHQFOHDQHU WKDQ WKRVH LQ/RQJ6KRUWHVW'LVWDQFHSUREOHPV7KHUHGXFHG+DPPLQJ
GLVWDQFHHQFRGLQJVIDURXWSHUIRUPUDQGRPHQFRGLQJV6LPLODUWRWKHH[SHULPHQWVLQWKHSUHYLRXVVHFWLRQZKHQ
FRPSDULQJ+XQJDULDQYV*UHHG\HQFRGLQJVKRZHYHUWKHUHZDVQRFOHDUZLQQHU
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     .  <HV 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
1XPHURXVDGGLWLRQDOH[SHULPHQWVZHUHFRQGXFWHG WRH[DPLQH WKHHIIHFWVRIFKDQJLQJ WKHFRQQHFWLYLW\RI WKH
5DQGRPO\*HQHUDWHG JUDSKV DQG WKH QXPEHU RI FOXVWHUV LQ WKH&OXVWHU*UDSKV  7KH UHVXOWVZHUH FRQVLVWHQW
ZLWKWKRVHVKRZQLQWKHDERYHWZRWDEOHV
7HVW3UREOHP±0XOWL'LPHQVLRQDO.QDSVDFN
,QWKLVSUREOHPWKHUHDUH1REMHFWVZLWK'WUDLWVZHLJKWYROXPHHWFDQGDQDVVRFLDWHG9DOXHVXFKDV
7KH REMHFWLYH LV WR ILQG WKH VHW RI REMHFWV WKDW FDQ ILW LQWR D NQDSVDFN ZLWK PD[LPDO YDOXH VXEMHFW WR WKH
FRQVWUDLQW WKDW WKH VXPPHGYDOXHRIDQ\RI WKH WUDLWVQRWH[FHHG WKHNQDSVDFN¶VFDSDFLW\ IRU WKDW WUDLW  7KH
SUREOHPVDUHJHQHUDWHGUDQGRPO\HDFKRIWKH'WUDLWVDQGWKHYDOXHDUHGUDZQXQLIRUPO\IURP
8QOLNHWKHWZRJUDSKSUREOHPVH[SORUHGLQ6HFWLRQVDQGWKHUHLVQRH[SOLFLWJUDSKWRSURSDJDWHWKH
ODEHOV IURP ZKLFK WR FUHDWH WKH QHLJKERUKRRGSUHVHUYLQJ PDSSLQJV   ,QVWHDG ZH PXVW ILUVW V\QWKHVL]H DQ
DSSURSULDWHJUDSK:HUHSUHVHQWHDFKREMHFWDVDQRGHLQWKHJUDSK7RGHWHUPLQHZKLFKREMHFWVDUHFRQQHFWHG
WRHDFKRWKHU WKHHGJHV LQ WKHJUDSKZHFRQFDWHQDWHHDFKREMHFW¶V WUDLWVDQGYDOXH LQWRDVLQJOHYHFWRUDQG
FRQQHFW WKH REMHFW WR WKH 6 RWKHU PRVW VLPLODU REMHFWV DV PHDVXUHG E\ WKH OQRUP GLIIHUHQFH EHWZHHQ WKH
REMHFW¶VYHFWRUV,QWKHVHH[SHULPHQWVLWVKRXOGEHQRWHGWKDWWKHHGJHVDUHQRWQHFHVVDULO\V\PPHWULFQRUDUH
WKH\ZHLJKWHGE\VLPLODULW\WKHVHYDULDWLRQVDUHRSHQIRUIXWXUHH[SORUDWLRQ2QFHWKLVJUDSKLVFRQVWUXFWHG
HDFK QRGH LV FRQQHFWHG WR DW OHDVW 6 RWKHU QRGHV   :LWK WKLV ZH FDQ SURFHHG ZLWK WKH VDPH SURSDJDWLRQ
PHFKDQLVPV XVHG LQ SUHYLRXV H[SHULPHQWV ± ZLWK WKH ODEHOV GHULYHG IURP SURSDJDWLRQ LQ WKLV JUDSK  7KH
VROXWLRQVWULQJZDVHQFRGHGDVDELWVWULQJRIVHOHFWHGLWHPV,ILWHPVZHUHUHSUHVHQWHGPRUHWKDQRQFHLQWKH
ELWVWULQJ WKH\ZHUHVWLOODGGHGRQO\RQFH  ,WHPVZHUHDGGHGXQWLO WKHNQDSVDFNH[FHHGHG LWVYROXPHLQDQ\
GLPHQVLRQWKHQWKHWRWDOYDOXHRIWKHLWHPVLQWKHNQDSVDFNZDVUHWXUQHGDVWKHYDOXHRIWKHELWVWULQJ
,Q 7DEOH  YDU\LQJ OHYHOV RI SUREOHP GLIILFXOW\ DUH H[DPLQHG 7KH WRWDO WKH NQDSVDFN FDQ KROG LQ DQ\
GLPHQVLRQGHWHUPLQHVKRZGLIILFXOW WKHSUREOHPLV  7KUHHVL]HVRI WKHNQDSVDFNDUHH[SORUHGUDQJLQJIURP
WKRIWKHH[SHFWHGWRWDOLQDQ\GLPHQVLRQWRWKRIWKHH[SHFWHGWRWDO±LHLIWKHUHDUHQRGHVWKHWRWDO
LQDQ\GLPHQVLRQLVH[SHFWHGWREH WKHUHIRUHIRUWKHKDUGHVWFDVHRIWKWKHH[SHFWHG
WRWDOWKHNQDSVDFNLVOLPLWHGWRDWRWDOLQDQ\GLPHQVLRQ,Q7DEOH/()7HDFKLWHPKDV' WUDLWV
5,*+7' WUDLW7KHODUJHUWKHQXPEHURIWUDLWVWKHPRUHXQOLNHO\LWLVWRILQGKLJKYDOXHLWHPVWKDWDUH
VPDOODFURVVDOOWUDLWV:HH[SHFWDPRUHXQLIRUPSHUIRUPDQFHDFURVVDOJRULWKPVDV'LQFUHDVHV
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7DEOH 0XOWL'LPHQVLRQDO.QDSVDFN1 	9HUWLFHV7KUHHOHYHORISUREOHPGLIILFXOW\H[SORUHG
6\QWKHVL]HG*UDSKPRGHOHG1HDUHVW1HLJKERUV/()7' 7UDLWV5,*+7' 7UDLW
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
8VLQJ WKH QHLJKERUKRRGSUHVHUYLQJ PDSSLQJV ERWK *UHHG\ DQG +XQJDULDQ FRQVLVWHQWO\ LPSURYHG WKH
UHVXOWV$VFDQEHVHHQE\WKHQXPEHURIZLQVWKHHIIHFWZDVPDJQLILHGZKHQLWHPVRQO\KDGDVLQJOH' 
WUDLW:LWK' LWZDVSRVVLEOHWRVHOHFWLWHPVZLWKDEHWWHUUDWLRRIYDOXHWUDLW,QFRPSDULQJWKH+XQJDULDQ
YVJUHHG\ODEHOLQJWKHUHZDVDVWDWLVWLFDOGLIIHUHQFHLQPDQ\WULDOVIDYRULQJWKH+XQJDULDQODEHOLQJ
7HVW3UREOHP0XOWL'LPHQVLRQDO3DUWLWLRQLQJ
,QWKLVSUREOHPWKHJRDOLVWRGLYLGHDVHWRIQXPEHUV*LQWRWZRVXEVHWV*DQG*VXFKWKDWWKHVXPRI*
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RIYHFWRUV*DQG*LVPLQLPL]HG6LPLODUWRWKHPXOWLGLPHQVLRQDONQDSVDFNSUREOHPH[SORUHGLQ6HFWLRQ
WKHUH LVQRH[SOLFLW JUDSKJLYHQ LQ WKHSUREOHP  ,QVWHDGZHFRQVWUXFW WKHJUDSK OLNH WKHNQDSVDFN V\QWKHWLF
JUDSKV±E\ILQGLQJWKHPRVWVLPLODU6 YHFWRUV7KHUHVXOWVDUHVKRZQLQ7DEOH
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6LPLODUWRWKHUHVXOWVVKRZQZLWKWKH.QDSVDFNSUREOHPVLQFRUSRUDWLQJHLWKHU+XQJDULDQRU*UHHG\ODEHOLQJ
JUHDWO\ LPSURYHV SHUIRUPDQFH RYHU UDQGRP ODEHOLQJ )RU WKLV SUREOHP DFURVV ERWK VHWWLQJV RI ' WKH
SHUIRUPDQFH EHWZHHQ WKH *UHHG\ DQG +XQJDULDQ ODEHOLQJ ZDV QRW VWDWLVWLFDOO\ GLIIHUHQW LQ PRVW FDVHV
$GGLWLRQDOO\H[SHULPHQWVZLWK' ZHUHFRQGXFWHGQRWVKRZQWKHUHVXOWVZHUHFRQVLVWHQWZLWK7DEOH±D
ODUJHSHUIRUPDQFHJDLQIRUWKHQHLJKERUKRRGSUHVHUYLQJODEHOLQJV
*HQHWLF$OJRULWKPV±(PSLULFDO5HVXOW6XPPDU\
7KHHQWLUHVHWRIH[SHULPHQWVZDVUHSOLFDWHGXVLQJDVWDQGDUGJHQHWLFDOJRULWKP>@,QWKHSHUYLRXVVHFWLRQ
ZHXVHG+&ERWKIRUILQGLQJUHJLRQVRIJRRGSHUIRUPDQFH6WDJHDQGORFDORSWLPL]DWLRQ6WDJHRQFHWKH
UHJLRQVZHUHIRXQG,QDQXPEHURISUHYLRXVVWXGLHVLWKDVEHHQGHWHUPLQHGWKDW*$VYHU\TXLFNO\ILQGUHJLRQV
RIKLJKSHUIRUPDQFHEXWLQFRUSRUDWLQJKLOOFOLPELQJPHWKRGVRIWHQ\LHOGVEHWWHUUHVXOWVWKDQVLPSO\FRQWLQXLQJ
WKH*$IRUPRUHLWHUDWLRQV>@>@>@>@>@7RPDNHRXUH[SHULPHQWVSDUDOOHOWRWKRVHSUHVHQWHGKHUHZH
UDQWKH*$XQWLODORFDORSWLPDZDVIRXQG7KHQWKHEHVWUHVXOWIRXQGE\WKH*$ZDVXVHGWRLQLWLDOL]HD+&
UXQLQDPDQQHUVLPLODUWRWKH6WDJH+&GHVFULEHGLQ6HFWLRQ
'XH WR VSDFH UHVWULFWLRQVZHRQO\ VXPPDUL]H WKHH[SHULPHQWV KHUH >@ :H ILUVW H[SORUHGZKHWKHU OLNH
ZLWK+&WKHQHLJKERUKRRGSUHVHUYLQJHQFRGLQJVOLPLWH[SORUDWLRQLQWKHHDUO\VWDJHVRIVHDUFK:HGHWHUPLQHG
WKDWXQOLNH+&ZKLFKH[SORUHGWKHVHDUFKVSDFHWKURXJKVLQJOHELWIOLSVWKHFURVVRYHUDQGPXWDWLRQRSHUDWRUV
RID*$ZHUHGLVUXSWLYHHQRXJKWRWKHFDQGLGDWHVROXWLRQVWKDWWKHHQFRGLQJGLGQRWUHVWULFWVHDUFKWKH*$ZDV
QRWFRQVWUDLQHGWRPRYHZLWKRQO\ELWIOLSV6HFRQGZHH[SORUHGZKHWKHUWKHVHQHZHQFRGLQJVLPSURYHGWKH
SHUIRUPDQFHRIWKH*$ZKHQQRVXSSOHPHQWDU\VHFRQGVWDJH+&ZDVXVHG*$VWKRXJKHIILFLHQWDWILQGLQJ
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UHJLRQV RI KLJK SHUIRUPDQFH DUH RIWHQ OHVV HIIHFWLYH DW ³ODVWVWHS´ ORFDO RSWLPL]DWLRQV GXH WR SRSXODWLRQ
FRQYHUJHQFH DPRQJ RWKHU UHDVRQV  +RZHYHU LW LV SUHFLVHO\ LQ WKHVH ORFDO RSWLPL]DWLRQ VWDJHV WKDW WKHVH
HQFRGLQJVDUHGHVLJQHGWRGRZHOO8VLQJWKHVHHQFRGLQJVYVQRWUHVXOWHGLQPL[HGSHUIRUPDQFH
7KH WKLUGDQGPRVW LPSRUWDQWVHWRIH[SHULPHQWVZDVZKHWKHUZKHQDVWDJH ORFDORSWLPL]DWLRQVWHSZDV
HPSOR\HGZRXOG WKHQHLJKERUKRRGSUHVHUYLQJ HQFRGLQJVKHOS RUZRXOG WKH DGGLWLRQRI WKH VWDJH VWHS E\
LWVHOIDFKLHYHHTXLYDOHQWUHVXOWV"1XPHURXVYDULDWLRQVZHUHH[SORUHGLQFOXGLQJXVLQJWKHVDPHHQFRGLQJIRU
WKH *$ DQG 6WDJH +& GLIIHUHQW UDQGRP HQFRGLQJV WKH +XQJDULDQ HQFRGLQJ IRU ERWK RU WKH +XQJDULDQ
HQFRGLQJRQO\IRUWKH6WDJH+&7KHUHVXOWVRYHUZKHOPLQJO\SRLQWHGWRWKHIROORZLQJWKHEHVWSHUIRUPLQJ
SURFHGXUHXVHGDVWDJH+&VWHSZLWKWKHQHLJKERUKRRGSUHVHUYLQJPDSSLQJV±UHJDUGOHVVRIWKHHQFRGLQJWKH
*$XVHGIRUWKHLQLWLDOVHDUFK7KLVVROLGLILHVWKHUHVXOWVLQWKHSUHYLRXVVHFWLRQVWKHQHLJKERUKRRGSUHVHUYLQJ
PDSSLQJVLPSURYHWKHSHUIRUPDQFHRIORFDORSWLPL]DWLRQDFURVVDYDULHW\RIVHDUFKWHFKQLTXHV
&RQFOXVLRQVDQG)XWXUH:RUN
7KHUHDUHWZRPDMRUFRQWULEXWLRQVRIWKLVSDSHU 7KHILUVWLVDWHFKQLTXHWRHQFRGHELQDU\VWULQJODEHOVRQ
QRGHVLQDUELWUDULO\GHQVHJUDSKVWKDWUHGXFHVWKHODEHOV¶+DPPLQJGLVWDQFHEHWZHHQFRQQHFWHGQRGHV  7KLV
WHFKQLTXH LV EDVHG RQ JUDSK SURSDJDWLRQ RI ODEHOV FRPPRQO\ IRXQG LQPDFKLQH OHDUQLQJ OLWHUDWXUH >@>@
7KHVHFRQGLVDODUJHHPSLULFDOGHPRQVWUDWLRQRIKRZWKHVHODEHOVFDQEHHIIHFWLYHO\XVHGLQVWRFKDVWLFVHDUFK
WRH[SORUH ORFDOQHLJKERUKRRGVRQFHUHJLRQVRIKLJKSHUIRUPDQFHDUH IRXQG7KURXJKDQH[WHQVLYHHPSLULFDO
FRPSDULVRQ HQFRPSDVVLQJ ERWK SUREOHPV WKDW KDG H[SOLFLW JUDSKV DQG WKRVH IRU ZKLFK WKH JUDSK KDG WR EH
FRQVWUXFWHGWKHUHVXOWVSRLQWHGWRWKHHIILFDF\RIXVLQJWKHUHGXFHG+DPPLQJGLVWDQFHODEHOV
7KHUHDUHWKUHHLPPHGLDWHGLUHFWLRQVIRUUHVHDUFK)XUWKHUXQGHUVWDQGLQJWKHEHQHILWVRI+XQJDULDQYV
*UHHG\DSSURDFKHV:DVWKHSHUIRUPDQFHGLIIHUHQFHOLPLWHGEHFDXVHRIWKHHQFRGLQJVRUWKHVHDUFKDOJRULWKPV"
 7KHUH LV QR OLPLWDWLRQ RI WKH SURSDJDWLRQ DOJRULWKP WR D ELQDU\ DOSKDEHW  +LJKHU FDUGLQDOLW\ DOSKDEHWV
VKRXOG EH WHVWHG  7KH ODEHOLQJ DOJRULWKP FDQ KDQGOH XQGLUHFWHG DQG GLUHFWHG JUDSKV DQG QRQXQLIRUPO\
ZHLJKWHGHGJHV8VLQJWKHVHIHDWXUHVRSHQVWKHSRVVLELOLW\RIDGGUHVVLQJDQHYHQZLGHUUDQJHRISUREOHPV
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